a reader could design the magnetic field for a separated-sector fixed-field alternating gradient accelerator for 1.3 GeV protons. It is assumed that Nb.-Sn ribbon % in. wide will be used in the magnetic3field coils since it is believed that this ribbon is the only available supcrconductor suitable for this purpose.
Many features of such an accelerator have been described previously ' but in that description it will have been noticed that k, the field index, was too large to give values of v and \I such that thzy were adequately removed f:om res&ance values.
It also was noticed that owing to the fact that only 8 subsections were used in each spiral seetor the cross currents at the end of each subsection were large enough to give rather large (approximately 3 to 4 kG) magnetic field bumps near the ends of the subcoils.
This forced k, the field index, to be not as constant as it sllould be. Consequently th E first efforts to improve the previous design were concentrated on positioning of the superconducting ribbon so that k was very nearly equal to 20. Secondly,the cross currents at the ends of the subsections were reduced sufficiently so that magnetic field bumps appear to be less than 400 gausses or about O.SX of the maximum, field.
This Some of these together with other pertinent dimensions for each separated sector spiral ridge are given in Fig. 1 and Fig-Z . Other pertinent data for the coils and calculations are: 1. The Nb -Sn ribbon is assumed to be 1.27 cm wide and 0.01!?875 cm thick.
2. The current in the ribbon is assumed to be 1525 A. This current was chosen from the superconducting properties of the ribbon and so that with a maximum magnetic field of about 50 kG in the median plane (see Fig.4 Fig.3 .
It is depicted there, that a smooth semi circle at the ends of a subsection may be replaced with one-half of an octagon. This is thought to be a satisfactory approximation to the real coil shape which is shown in Fig.1 and Fig.? .
The magnetic field resulting from the current distribution depicted in Fig.3 has been calculated for three coils as shown in Fig.1 . Typical1 curves of B vs. K have been presented previously as well as typical flux biased curves. The flux biasing is necessary in order to prevent the field from becoming negative between the peaks.
This may be accomplished with the turn distribution shown in Table II . and by constructing the windings as shown in Fig. 4 . The calculated results for such flux biasing coils are given in Table III .
It is seen that they fit very well with the desired flux biasing.
To evaluate k, the field index, it is necessary to know the value of the magnetic field at magnetic field peaks and the radius at which the peak occurs.
These have been gotten by digital calculation, the results of which are given in Table IV, -60.
-5 60. -70.
-5 71). -80.
-6 80. -90.
-6 90. -100.
-7 100. -110.
-7 110. -120.
-9 120. -130.
-11 130. -140.
-15 140. -1.50.
-20 150. -160.
-29 160. -170.
-36 170. -172.5 -10 172.5 -175.
-10 175 -177.5 -13 177.5 -180.
-0
Total number of turns 1 192. The box in Fig. 4 represents the vacuum chamber which would be cooled to liquid helium temperature and the vertical support bolts which go to the shell of the ellipse could supply such additional mechanical support as is necessary.
A schematic outer shell with insulation is indicated. Pertinent parameters for an accelerator to produce 1.3 GeV protons are given in Table V . These assume that 50 MeV protons would be available for injection. Suitable drift plates which could supply the necessary have been described by MURAT RF for acceleration The FFAG accelerators are considered to be superconducting as are the pulsed accelerators, but most of the arguments apply equally well to cryogenic as well as superconducting pulsed machines. The relative costs considered are based on those in Table VI of  reference 1 and are scaled from 300 GeV to 3000 GeV . The main items where a significant cost difference may occur are:
1. Superconductive material For FFAG about $100 x lo6 whereas for a pulsed 30 0 $300 x 10 8 GeV accelerator they will be about . This is owing to the estimated increased cost of twisting and weaving the superconductor so as to reduce pulsing losses to an estimated 0.3% of the total stored present these losses are about 0.6% z nergy.
At and it seems unlikely tha\ more than another factor of two may be gained.
iThis makes the cost increase from Table VI equal to 7 for the manufacture of the superconductors and 10 for increased size (i.e., 300 GeV to 3000 GeV) or a total factor of 70). for FFAG zero; and for pulsed $180 x 10 , This is estimated by taking 0.3% of 12 x t08 joules of stored energy, which gives 3.6 x 10 joules. per 2 sec. which gives 1.8 x 10Xh:~t~~.Pu~~~de~~ce timated future cost of refrigeration is $100.00 per watt. 3. Magnet power supply For FFAG zero and for pulsed.
$200 x.106: for MG gets the estimated cost is'@ x 106 per 12 x 108 joules which for a staged energy of 12 x 10 joules gives $,200 x 10 . Possibly by some ingeneous scheme of storage in a large inductance this cost may be significantly reduced.
Operating Power Bill
For FFAG zer and for pulsed, $30 x lo6 per year or $300 x log for 10 years. This is based on 600 megawatts and 0.6 cents per k!Jh for 8000 hours per year.
Thus, the estimated cost for these itegs for a pulsed 3000 GeV accelerator is $1000 x 10 , whereas for FFAG it is $150 x 106. For 2000 GeV it would 8 nly be $670 x lo6 for the pulsed and $100 x 10 for FFAG.
In addition to the above there. are possibly some additional problems for a pulsed machine. a) The pulsing will produce a shock force on the structure at every pulse and this makes the engineering of the structure somewhat more difficult and costly. b) Also, it may produce possible mechanical fracture of the structural materials. c) The shock forces may influence the superconducting properties of the materials. This is not known.
Some optimists
consider that this may be reduced to 0.1%. One spiral ridge coil with dimensional details not given in Fig. 1 . This depicts the actual way in which individual coils might be constructed so that they could be assembled as is shown in Fig. 1 . The coils are f in. Nbj-Sn ribbon in each L% angle interval, measured from the center of the ellipse at the center of the vacuum chamber.
Some space for insulation and liquid helium is indicated.
